A diet rich in fruits and vegetables is known to decrease the risk of cardiovascular disease. However, the information regarding the antithrombotic activity (antiplatelet, anticoagulant, and fibrinolytic) of fruits and vegetables is scarce. The aim of this study was to assess the antithrombotic activity of extracts from fruits and vegetables widely consumed in central Chile. The study included samples of 19 fruits and 26 vegetables, representative of the local diet. The extracts prepared from each sample included an aqueous (juice or pressed solubles) and/or methanol-soluble fraction. The extracts were evaluated for antiplatelet, anticoagulant, and fibrinolytic activity in vitro at a final concentration of 1 mg/ml. The antiplatelet activity was assessed by platelet aggregation inhibition; anticoagulant activity was measured by the prothrombin time (PT), diluted prothrombin time (dPT), activated partial thromboplastin time (APTT), kaolin clotting time (KCT), and thrombin time. The fibrinolytic effect was determined with the euglobin clot lysis time and fibrin plate methods. Extracts of green beans and tomatoes inhibited platelet aggregation induced by ADP and arachidonic acid, in a concentration-dependent manner. The methanolic extracts of grapes prolonged the PT and dPT. Finally, extracts of raspberry prolonged the APTT and also presented fibrinolytic activity. In conclusion, from a screening that included a variety of fruits and vegetables, we found antiplatelet activity in green beans and tomatoes, anticoagulant activities in grapes and raspberries, whereas fibrinolytic activity was observed only in raspberries. Further investigations are necessary to advance in knowledge of the active compounds of these fruits and vegetables and their mechanisms of action. 
Introduction
Epidemiological evidence indicates that a diet rich in fruits and vegetables promotes health, decreasing the risk of cardiovascular diseases (CVDs) [1] [2] [3] [4] . A Mediterranean diet, which is rich in the consumption of fruits and vegetables, clearly favors cardiovascular health. Worldwide, the consumption of fruits and vegetables by school children and adults is much lower than that recommended by WHO [5] . Considering this, the American Heart Association along with international agencies [6] , and in our country, the Ministries of Health and Agriculture [7] , and the Institute of Nutrition and Food Technology (INTA), have promoted the consumption of five or more fruits and vegetables daily [8, 9] .
High fat content diets can lead to an increase in the plasma levels of fibrinogen and cholesterol and at the same time, to a decrease in the fibrinolytic activity and clotting time.
These changes may favor a pro-thrombotic state.
The contribution of several nutrients and nutraceuticals as well as antioxidants in fruits and vegetables is well known [10] [11] [12] . However, the antithrombotic activities of these products have been less studied [13, 14] . Antiplatelet effect has been observed in several fruits, including black grapes (Vitis vinifera L.) [15] , pineapple (Ananas comosus L. Merr.) [16] , strawberry (Fragaria x ananassa L. Duch.) [17] , and kiwi (Actinidia chinensis Planchon) [18] and vegetables such as garlic (Allium sativum L.) [19] , onion (Allium cepa L.) [20] , scallion (Allium schoenoprasum L.) [21] , tomato (Solanum lycopersicon Mill.) [22] , and melon (Cucumis melo L. var. inodorus) [23] . Anticoagulant effect has been described for pineapple [24] and Allium species [25] . Finally, fibrinolytic effect has been observed in kiwi [26] and pineapple [16] . The purpose of this study was to assess systematically and document the antiplatelet, anticoagulant, and fibrinolytic activities in vitro of extracts/juices from fruits and vegetables widely consumed in central Chile and Mediterranean countries.
Materials and methods

Fruits and vegetables extracts
Fruits and vegetables used in the study were purchased in the Central Regional Supply Talca, VII Region, Chile, at the time of harvest in March-April. The samples represent the average quality usually consumed in central Chile. Fruits with high water content were manually pressed to obtain a juice sample. A second sample from the fruits (150 g) as well as from all the vegetables was sliced/chopped and extracted with 150 ml of methanol by sonication (Transsonic 700/H; Elma-Hans Schmidbauer, Singen, Germany) for 5 min and then filtered. The filtrates, corresponding to a MeOH : water solution, were dried below 408C under reduced pressure, frozen, and lyophilized. The pressed fruit juice was lyophilized to calculate percentage w/w extraction yields. Both types of extracts were stored at À708C until use. The fruits and vegetables included in this study include common varieties cultivated in the country and are cited both by its scientific binomials and common names.
Assays
The blood used for the experiments was obtained from healthy donors (60 volunteers, aged 20-25 years) who were informed about the study and signed an informed consent before starting the research. They had not ingested drugs for at least 10 days before the blood withdrawal. The protocol was authorized by the ethic committee of the Universidad de Talca in accordance with the Declaration of Helsinki. From the blood samples, platelet rich plasma (PRP) and platelet poor plasma (PPP) were prepared. Briefly, blood was collected over sodium citrate (3.2%) in a 9 : 1 v/v ratio. The PPP to be used in the anticoagulation assays was obtained by centrifuging the sample at 650g for 10 min and was stored at À708C. For the platelet aggregation assay, the PRP was obtained by centrifugation at 240g for 10 min and was immediately used for the experiments.
Antiplatelet activity
The antiplatelet effect of the extracts was measured according to the method of Born [27] . Briefly, 480 ml of PRP adjusted to a concentration of 2.5 Â 10 5 platelets/ml with PPP were added to the reaction tube for 1 min and then added 20 ml of a solution of 26 mg/ml of crude extract (1 mg/ml final concentration), physiological saline (negative control), or acetylsalicylic acid 0.25 mg/ml (Sigma Chemical Co., St Louis, USA) as positive control. After incubating for 5 min, 20 ml of agonist (ADP 8 mmol/l or arachidonic acid 1 mmol/l; Sigma Chemical Co.) was added. Results are expressed as median percentage inhibition of platelet aggregation, respect to their negative controls.
Anticoagulant activity
To evaluate the extrinsic pathway of coagulation, we measured prothrombin time (PT) and diluted thromboplastin time (dPT). To evaluate the intrinsic pathway, we used the following assays: activated partial thromboplastin time (APTT) and kaolin clotting time (KCT). For the final stage of coagulation, thrombin time was determined [28, 29] . The tests were conducted in a coagulometer (Clot1, RAL SA, European Community). The PPP was preincubated for 4 min at 378C with 10 ml of a solution of 31 mg/ml of crude extract for APTT and PT; 26 mg/ml in the case of KCT; and 15 ml of a solution of 27.6 mg/ml of the extract for thrombin time to reach a final concentration of 1 mg/ml in all cases. Saline solution was used as negative control and heparin (12.4 UI/ml, final concentration) as positive control. The reagents used were calcium thromboplastin (Pacific Hemostasis, Middletown, Virginia, USA) for PT, calcium thromboplastin diluted 1/500 in physiological saline for dPT, cephaline (Pacific Hemostasis) for APTT, kaolin 0.01% for KCT, thrombin (Pacific Hemostasis) for thrombin time, and CaCl 2 25 mmol/l for APTT, KCT, and thrombin time, respectively. The results of coagulation tests were expressed in seconds (s) as median value with minimum and maximum range.
Fibrinolytic activity
To evaluate fibrinolytic activity, two methods were used: the euglobulin clot lysis time [30] and fibrin plate [31] . In the first method, in a reaction cuvette, the following were added: 11.4 ml of thrombin (Pacific Diagnostic, Middletown, Virginia, USA; 100 IU/ml), 88.6 ml of 20 mmol/l Tris-HCl buffer, pH 7.4, supplemented with either 20 ml of a solution of crude extract (28.5 mg/ml, 1 mg/ml final concentration in the reaction cuvette), Tris-HCl buffer as the negative control, or streptokinase 100 IU/ml (Aventis Behring, Marburg, Germany) as positive control. The reaction was initiated by adding 450 ml of euglobulin fraction and the reaction was followed in a spectrophotometer (Weather Plus, RAL, Barcelona) at 340 nm measuring every 30 s. The result was expressed as a percentage of fibrinolysis. The euglobulin fraction was obtained from citrated blood, which was centrifuged at 650g for 10 min to obtain plasma. Thereafter, 0.6 ml of plasma was transferred to a tube containing 5.4 ml of distilled water, and then 0.45 ml of acetic acid 0.25% was added. The mixture was incubated at 48C for 30 min and centrifuged at 315g for 5 min. The supernatant was discarded and the pellet was resuspended with 0.6 ml of 0.02 mol/l Tris-HCl buffer, pH 7.4.
The fibrin plate method is used to form a layer of fibrin from the reaction of fibrinogen and thrombin in Tris-HCl buffer (pH 7.4) on a Petri dish. The mixture can be supplemented with plasminogen to assess the dependence of the reaction on this factor. The formed wells were loaded with 50 ml of solution at concentrations of 1, 10, 50, and 100 mg/ml of crude extract. The zones of fibrinolysis were observed as transparent halos around the wells, which were compared with the blank and controls. The result was expressed as diameter of the fibrinolysis halo.
Statistical analysis
The nonparametric Kruskal-Wallis test included in the software SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA) was used to analyze the results. P values less than 0.05 were considered significant.
Results
Extracts yielding
The list of the selected fruits and vegetables as well as the percentage w/w extraction yields is presented in Table 1 . For the juice, the solid content ranged roughly between 4 and 24%, whereas the methanol extracts presented a very high variability, depending on the species and variety.
Antiplatelet activity
From the vegetables studied, green beans and tomatoes extracts presented significant antiplatelet activity. The methanol extract of green beans showed dose-dependent antiplatelet effect, inhibiting aggregation by approximately 90% at 1, 0.5 mg/ml and approximately 20% at 0.1 mg/ml, using ADP (4 mmol/l) as agonist (Fig. 1a) ; however, when ADP (8 mmol/l) was used, the percentage of platelet inhibition was approximately 50%, using 0.5 and 1 mg/ml of the extract. Additionally, when arachidonic acid was used as agonist, the extracts at 0.5 and 1 mg/ml slowed the platelet aggregation ( Fig. 1 ). Under the same experimental conditions using arachidonic acid, acetyl salicylic acid inhibited platelet aggregation by 90-95%.
For tomatoes (including hybrid grown outdoors and cluster), both aqueous and methanolic extracts showed dose-dependent platelet antiaggregant activity at concentrations more than 0.1 mg/ml, using ADP as agonist. The anti-aggregant activity of hybrid tomato grown outdoors is slightly higher, but not significantly different from tomato type cluster: at 1 mg/ml, the percentage mean inhibition of aqueous extract was approximately 34% and approximately 25%, respectively, whereas for methanolic extract, the figures were approximately 40.0% and approximately 32%, respectively (Table 2) . Garlic, onions, the sapphire variety of red pepper, and scallion reduced aggregation by approximately 15% (Table 2) .
From the fruits studied, only plum and strawberry extracts showed a slight inhibitory effect on platelet aggregation (using ADP as agonist) of about 10% (Table 2) .
Anticoagulant activity
The aqueous extracts of the selected fruits did not show a significant effect on the extrinsic pathway (PT and dTP, Table 3 ). Only the methanolic extracts of grapes Sultanina (12.5 s) and Torontel (12.7 s) slightly lengthen the PT (negative control 12.3 s with a 11.6-13.0 s range). Moreover, the methanolic extracts of Curtiduría (40.2 s) and País (40.5 s) grapes slightly lengthen dTP (negative control (40.1 s and a 38.2-42.9 s range; Table 3 ). Regarding the intrinsic pathway, both the aqueous and methanolic extracts of raspberry increased the APTT compared Antithrombotic effect of fruits and vegetables Torres-Urrutia et al. 199 Table 1 Scientific name, variety, and percentage (w/w) of extraction yields of the selected fruits and vegetables used in the study Species to the control (Table 4) . On the other hand, fruit extracts showed no effects on the KCT (Table 4) . Vegetable extracts did not increase PT or dPT, but the methanolic garlic fraction (108.8 s) slightly prolonged KCT (negative control 87.3 s with a 77.6-96.7 s range). Additionally, neither fruits nor vegetables extracts inhibited significantly the final phase of coagulation, assessed as thrombin time, respect to controls (not shown).
Fibrinolytic activity
From the fruit extracts studied, only raspberry presented a significant concentration-dependent fibrinolytic activity, assessed as euglobulin clot lysis time (Fig. 2) . At a concentration of 1 mg/ml, it showed a slight effect, both the aqueous and methanolic fractions (8.1 and 10.6% of fibrinolysis, respectively). At 5 mg/ml, fibrinolytic activity in aqueous and methanolic fractions were 58.4 and 35.9%, respectively. The effect of this extract was also studied using the fibrin plate method. Fibrin plate supplemented with plasminogen presented fibrinolytic halos at a concentration of 50 and 100 mg/ml using aqueous and methanolic extracts. By contrast, the fibrin plate that was not supplemented with plasminogen did not produce fibrinolytic halos, neither in the wells filled with raspberry extracts (1, 10, 50, and 100 mg/ml) nor in the well loaded with streptokinase (250 IU/ml).
Additionally, kiwi fruits presented a slight fibrinolytic activity in the aqueous fraction, although at a very high Inhibitory effect of in-vitro platelet aggregation by methanolic extracts of green beans induced by the following: ADP 4 mmol/l, (a) and araquidonic acid 1 mmol/l (b). 1, negative control (saline); 2, 3, and 4: methanolic extracts of green beans at 0.1, 0.5, and 1 mg/ml, respectively. Table 2 Inhibition of platelet aggregation induced by ADP and arachidonic acid-induced platelet aggregation by aqueous (Aqueous) and methanolic (MeOH) fruit and vegetables extracts in vitro at 1 mg/ml Effect of aqueous and methanol extracts from fruits and vegetables 1 mg/ml, on prothrombin time and diluted prothrombin time Table 4 Effect of aqueous and methanol (MeOH) extracts from fruits y vegetables 1 mg/ml on activated partial thromboplastin time and kaolin clotting time concentration (10 mg/ml). The vegetable extracts evaluated at 1 mg/ml using the technique of euglobulin clot lysis time did not show fibrinolytic effect in vitro.
Discussion
Mortality from CVD is associated with high prevalence of cardiovascular risk factors [32] . This requires efforts aimed to reduce the prevalence of risk factors, especially those known as the modified diet and sedentary lifestyle, as they are involved in the reduction of other modifiable factors. In this regard, there is need to promote consumption of fruits and vegetables, thereby reducing the prevalence of risk factors mentioned above [33] . The antioxidant effects of fruit and vegetables have been well studied [34, 35] , but other activities such as antithrombotic effect should be investigated as well [14] . With the aim of contributing to the knowledge of these properties, we studied the antiplatelet, anticoagulant, and fibrinolytic activities of aqueous and methanolic extracts of some fruits and vegetables widely consumed in Chile as well as in Mediterranean climate countries.
The in-vitro antiplatelet activity of the fruit extracts studied, inducing aggregation with ADP and arachidonic acid, showed that extracts of plum and strawberries have a mild antiaggregatory effect. In the literature, several fruits have been reported to present antiplatelet effect [13] . In aqueous and methanolic extracts of strawberry, a mild antiplatelet effect was found with ADP as agonist. Ellagic acid and flavonoids present in strawberries have been reported to inhibit the activity of cyclooxygenases [36] . Moreover, filtrates of different varieties of strawberries have shown a significant antiplatelet effect in vitro and in vivo [17] . Kiwi fruit has shown an inhibitory effect in vitro and ex vivo of platelet aggregation induced by ADP and collagen [18] . Bromeline, a compound found in pineapple, has been observed to inhibit platelet aggregation induced by ADP and TRAP-6 in vitro [16] .
Finally, it was found that daily consumption for more than a week of black grape juice inhibits platelet aggregation induced by collagen [15] . It has been postulated that flavonoids can inhibit enzymes such as cyclooxygenase and phosphodiesterase [37, 38] ; and other studies have found that juice of black grape and red wine increase the production of nitric oxide in platelets and endothelial cells [39, 40] .
In the present work, the methanolic extracts of some vegetables (garlic, onion, scallion, melon, pepper) showed a weak antiplatelet activity, whereas tomatoes showed a mild platelet aggregation with ADP. A relevant inhibition was found for green beans using ADP as agonist. The inhibitory effect on platelet aggregation exhibited by the methanol extracts of green beans is presented for the first time.
As several of the horticultural products investigated are consumed after cooking, new studies are needed to compare the effect of extracts after processing with the information obtained using raw plant material.
In-vitro studies of aqueous extract of raw and boiled garlic and onion on platelet aggregation induced by collagen have shown varying degrees of platelet inhibition [20] . The antithrombotic properties of garlic and onion have been attributed to organosulphur compounds [41] [42] [43] . It has also been reported that the aqueous extract of melon shows inhibitory effect on platelet aggregation induced by several agonists [23] . In different varieties of tomatoes, inhibition of platelet aggregation induced by ADP has been reported, but no effect was observed with arachidonic acid, thus suggesting that these extracts act on events preceding the cyclooxygenase pathway [22, 44, 45] . In our study, both types of tomatoes studied (hybrid grown outdoors and cluster) showed mild concentration-dependent antiplatelet activity when the aggregation was induced by ADP and to a lesser extent by collagen. It has been
Antithrombotic effect of fruits and vegetables Torres-Urrutia et al. 203 Fibrinolytic effect of methanolic and aqueous extracts of raspberry at 1 and 5 mg/ml, using the euglobin clot lysis. The positive control represents the activity of streptokinase 100 IU/ml.
suggested that the antioxidant lycopene, found in high concentrations in tomatoes, and heat-stable components of low molecular weight such as adenosine and others, could be responsible for this antiplatelet effect [22, 44, 45] .
In general, anticoagulant activity was not observed in fruit extracts both in extrinsic and intrinsic pathways, as well as in the final stage. It has been reported that bromelin, a proteolytic enzyme of pineapple, has antithrombin activity in vitro, at concentrations above 10 mg/ml [24] . Among the vegetables, the methanolic extract of garlic and green beans showed a mild anticoagulant activity in tests that assess the intrinsic pathway. In the literature, the anticoagulant effect has been described in garlic and onions [25, 46, 47] .
Aqueous and methanolic extracts of raspberry were able to lyse fibrin in the euglobulin clot lysis test at concentrations above 1 mg/ml, an effect that appears to be dependent on the activation of plasminogen (fibrin plate test). It has been demonstrated in vivo that the consumption of berries, which belongs to the family of Rosaceae like raspberries, enhances fibrinolysis in murine models of thrombosis [48] . In turn, Jung et al. [26] found effects of a methanol:water kiwi fruit extract. The differences of the present report with previous studies regarding presence or absence of antithrombotic activities in fruits and vegetables could be partly due to the varieties studied, the conditions of cultivation, the platelet agonists used, and concentrations assessed.
In conclusion, we found some antithrombotic activity in fruits and vegetables that may have an important impact on human health. Further studies are necessary to establish the compounds and mechanisms that account for these effects.
